Background: Prescription errors that occur due to the process of pill splitting are a common medication problem; however, available prescription information involving inappropriate pill splitting and its associated factors is lacking.
Introduction
Pill splitting is common in oral drug therapy in clinical practice [1] . Pills are frequently split to achieve dose flexibility, facilitate swallowing or reduce medication costs [2, 3] . However, the splitting of certain specific drugs is deemed unsafe, such as extended-release (ER) formulations and enteric-coated (EC) formulations because these specific kinds of formulations could be damaged by pill splitting, resulting in rapid absorption of the drug and a subsequent abrupt rise in blood concentration. Prescribing inappropriate splitting medications may result in unintended clinical outcomes, and are thus considered medication errors [4, 5] .
Medication errors may occur at any stage of medication usage, including: prescription, dispensation, and administration. However, prescription is often noted as the stage where most errors occur [6] . Inappropriate dosage forms conducted by medical practitioners represent 11.2 to 20% of total prescription errors, were reported [7, 8] . Splitting oral drugs with ER or EC formulation is one of the common prescribing errors related to dosage form. However, there is little information in the literature about the risk factors of prescription errors associated with inappropriate pill splitting.
The primary purpose of this study was to assess the frequency, and identify the risk factors, associated with inappropriate pill splitting.
Materials and Methods

Data Source
This study was conducted in a tertiary care medical center in Taiwan which has more than 2.5 million outpatient visits per year.
More than 25,000 ambulatory prescriptions were delivered daily. Data analysis was based on a computerized ambulatory prescription database from January 1 st to May 31, 2010. The study variables which were analyzed included: patient gender and age, diagnosis codes (International Classification of Diseases, 9 th revision, Clinical Modification, ICD-9-CM), specialty of prescribing physician, prescribed drugs, dose, frequency and route of administration. Patients filled their prescriptions from the same hospital pharmacy. This study was approved by the institutional review board of Taipei Veterans General Hospital. Since the research posed no more than minimal risk to the participants and involved no procedures, the review board approved that written consent from patients was not required.
Assessment of Splitting and Divisibility
Drugs were recognized as ''special oral formulations'' if they were ER or EC formulations that were not originally intended to be split. Drug formulation and the appropriateness of splitting were noted on the instruction leaflets accompanying the medicines. Whenever the prescribed drug was fragmented despite being a special oral formulation, we defined that the drug as split, and regarded it as an inappropriate prescription of pill splitting. The drugs with special oral formulations were supplied consistently and stably over the whole study period.
Statistical Analysis
All data were linked by the SQL server 2008 (Microsoft Corp., Redmond, WA, USA) and analyzed by SPSS software version 19.0 (SPSS, Inc., Chicago, IL, USA). Descriptive statistics was used to summarize prescription characteristics. For each specific drug with special oral formulation, multivariate logistic regression analysis was used to examine the potential association of independent variables (including: gender, age, and specialty of prescribing physician) with inappropriate pill splitting. The dependent variable was defined as a single prescription with inappropriate pill splitting. We assume that the prescriptions are independent of each other. Patients aged less than 18 years were excluded due to the sample size being too small to yield statistically reliable results of logistic regression analysis. Results are presented as odds ratios and 95% confidence intervals (CIs). A p value ,0.05 was considered to indicate statistical significance.
Results
Thirty-five different drugs with special oral formulations in this study are shown in Table 1 . During the 5-month study period, 2,162,023 prescriptions were prescribed. A total of 124,300 prescriptions with special oral formulations (5.7% of all prescriptions, 124,300/2,162,023) were prescribed, and 1.0% of these prescriptions (1,252/124,300) were inappropriately split. The characteristics of ambulatory prescriptions with special oral formulations are shown in Table 2 .
The rate of inappropriate pill splitting was higher in older (.65 years) patients (1.1%, 832/75,387). Eighty-seven percent of Table 3 . The number and proportion of prescriptions with inappropriate splitting, by physician specialty. %, n/N, proportion of prescriptions with inappropriate splitting by specific drug and physician specialty (N: number of prescriptions with special oral formulation by the specific drug and physician specialty in Table S1 . Among drugs with special oral formulations, 20 kinds of drugs (57.1%, 20/35) had ever been prescribed to split. For half of these drugs (50.0%, 10/20), the prescribed splitting was unnecessary since they had a corresponding lower strength dose available in the study hospital. The detailed information of prevalence of inappropriate pill splitting for adults is shown in Table 3 . Antidiabetic agents, cardiovascular agents, and central nervous system agents were the most common drug classes involved in inappropriate splitting. The three most frequently prescribed inappropriately split pills were gliclazide modified-release (MR) tab 30 mg (n = 549), fluvastatin extended-release (XL) tab 80 mg (n = 224) and alprazolam ER tab 0.5 mg (n = 117). The top three drug class and physician specialty pairs with the highest rate of inappropriate pill splitting were anti-diabetic agents prescribed by nephrologists (13.2%, 37/280), CNS agents prescribed by cardiologists (11.4%, 56/492) and CNS agents prescribed by nephrologists (10.3%, 4/ 39).
Multivariate logistic regression analysis revealed that the strongest factor associated with individual specific drug of inappropriate splitting was particular physician specialties. The risk of the top 6 prescribed inappropriate splitting drugs and physician specialties are shown in 
Discussion
This study revealed the frequency and characteristics of inappropriate prescriptions related to pill splitting. Among all prescribed medications during ambulatory visits, 5.7% of all medications were drugs with special oral formulations. Inappropriate splitting occurred in 1% of drugs with special oral formulations. Fifty-seven percent of drugs with special oral formulations had ever been prescribed to be split. For half of these drugs, the prescribed splitting was unnecessary since they had a corresponding lower strength dose available in the study hospital. Unexpectedly, internists delivered the greatest number of prescriptions with inappropriate pill splitting. The rate of inappropriate pill splitting was highest from endocrinologists (3.4%), to nephrologists (1.3%) and cardiologists (1.3%). This study provides insights into the inappropriate prescriptions with pill splitting. The results demonstrate that efforts to reduce inappropriate tablet splitting are necessary and pressing.
Lewis et al. reported an overall total prescribing error rate of about 7% in a recent systemic review [9] . If our prescription error rate is taken to account with the rate of prescribing error from Lewis et al., inappropriate pill splitting might involve a large proportion of prescribing errors. Based on principles of pharmacodynamics and pharmacokinetics, clinical potential harm from inappropriate splitting (Table 1) is predictable. Lesar et al. showed that the inappropriate use of medication dosage forms is associated with increased risk for adverse clinical events [10] . One case has even been reported in which a crushed extended-release nifedipine tablet delivered, had a fatal outcome [11] . However, the actual harm caused by inappropriate pill splitting requires further research.
Anti-diabetic agents, cardiovascular agents and central nervous system agents were the most common drug classes involved in inappropriate splitting. This finding may indicate that physicians are not fully aware of critical splitting restrictions, which may be due to the deficiency of knowledge regarding special oral formulations. For example, we identified surgery as significantly associated with inappropriate splitting for centain drugs (eg., antidiabetic agent gliclazide, antilipemic agent fluvastatin, and hypotensive agent felodipine). Surgeons rarely initiate drug therapy outside of their specialty service, and knowledge about these drugs may be poor. In view of these facts, two strategies can be suggested. First, printed hospital formularies should provide detailed prescribing information on tablet splitting, thereby reducing inappropriate splitting of drugs with special oral formulations. Second, a computerized clinical decision-support function within the computerized physician order entry system needs to be implemented, which could be a powerful intervention tool to help avoid inappropriate prescriptions for pill splitting [12] .
The reason for internists associated with inappropriate pill splitting may be due to their service specialties. Our data showed that endocrinologists, nephrologists and cardiologists were more likely to be associated with inappropriate splitting among all medical specialties. The probable reason may be that the majority of endocrinologists and nephrologists' clients are patients with renal insufficiency, such that dose adjustment may be indicated, and pill splitting prescribed [13] . Pharmacies should consider introducing new formulations with lower dosage strength for clinical demand.
Old age was associated with a high risk of inappropriate pill splitting. The changing pathophysiology occurring with the aging process results in complex alterations to the pharmacokinetics and pharmacodynamics of medications [14] . Clinical study has demonstrated that the effectiveness of drugs in geriatrics was substantially metabolized in amounts lower than those standard references doses predicted [15] . Therefore, prescribing the lowest effective doses of medications to older patients may avoid adverse drug events, minimize side effects, and increase compliance. However, this consideration of lowering doses for elders may cause an increased incidence of prescriptions involving tablet splitting, and contribute to a higher rate of inappropriate tablet splitting among older patients.
This study has provided possible factors associated with inappropriate pill splitting for drugs with special oral formulations. The risk factors identified in this study may imply how to develop strategies for preventing medication errors for drugs with special oral formulations. The findings of this study are informative for the assessment and development of medication prescription policy in hospitals. In addition, identification and acknowledgement of risk factors regarding inappropriate pill splitting are needed to incorporate guidelines for medication safety and the educational curriculum of health professionals.
This study has some limitations. First, the study was conducted in a single hospital over a short period of time, which limits the generalizability of our findings. Second, we only assessed the frequency of inappropriate pill splitting by drug formulation without analyzing associated clinical outcomes. Other characteristics of drugs such as score marking, size or shape of pills, and multiple ingredients were not taken into consideration [16] . In addition, patient knowledge and ability to split tablets remain unknown. This could lead to underestimation of the frequency of inappropriate pill splitting. Finally, this cross-sectional study was only designed to identify associated risk factors; it cannot assess causality. However, our data provide insights into the nature of inappropriate prescription of pill splitting in outpatient clinics. Results from this study can provide an important foundation for future research.
Conclusions
In conclusion, medical prescriptions involving inappropriate pill splitting are not rare in clinical practice. This phenomenon may be due to the lack of knowledge of special oral formulations which cannot be split. This study provides fundamental information about inappropriate pill splitting. However, our study may imply that healthcare providers should take further steps to employ enhanced safety modalities, to prevent or reduce the occurrence of inappropriate prescription pill splitting. Author Contributions
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